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Abstract: Eremosparton songoricum (Litv.) Vass. is a clonal shrub that reproduces both asexually by
under-ground rhizomes and sexually by seeds. It is now a rare species with a narrow distribution in fragmented habitat patches in the Gurbantunggut Desert of Xinjiang, China. The objective of this study was to
determine the spatial pattern or structure of genetic variation within population. The within-populations
genetic structure of E. songoricum in a plot (10 m×10 m) was analyzed using inter simple sequence repeats
(ISSR) markers. Correlograms of Moran’s I showed significant positive value was about 7 m, but changed
into a negative correlation with the increase of distance, indicating strong genetic structure. The natural
character of clonal reproduction, restricted seed and pollen dispersal were the main factors of influencing
the spatial pattern. The knowledge of clonal structures within populations was crucial for understanding
evolutionary processes and ecological adaptation. This study provided basic data for the conservation and
management of E. songoricum, especially for sampling strategies for ex situ conservation.
Keywords: Eremosparton songoricum; genetic diversity; clonal structure; spatial distribution patterns; conservation

1 Introduction
Clonal reproduction via vegetative spread is a common characteristic of many plant species. For rare,
endemic and/or endangered plant species that reproduce both sexually and vegetatively, it is important to
characterize clonality because clonal structure could
affect overall population fitness (Chung et al., 2006).
Sexual reproduction is accompanied by genetic recombination (Harada and Iwasa, 1996; Winkler and
Stocklin, 2002) which leads to the continuous emergence of new genotypes and thus can buffer the loss of
genotypic diversity. On the other hand, vegetative reproduction or clonal growth processes, such as the
production of subterranean stems, stolons, propagules
and (in woody plant species) sprouts and root suckers,
leads to spatial clumping of ramets of identical genes
within populations (Torimaru and Tomaru, 2005).
Spatial genetic structure in natural populations, i.e.
the nonrandom spatial distribution of genotypes, can
result from different processes, including selection
pressures or historical events (Shapcott, 1995). At a

fine spatial scale, however, the most prevalent cause is
probably the formation of local pedigree structures as
a result of limited gene dispersal. Clines or patchiness
of selectively relevant genes or markers may result
from selective pressures in heterogeneous environments. As compared to most animal species, adults
from plant species do not move and plants’ propagules,
i.e. pollen and seeds, often show moderate to strong
spatial restriction in their dispersal. Patterns of seed
dispersal and colonization tend to have the greatest
impact on the spatial distribution of genetic diversity
within plant populations (Nason and Hamrick, 1997).
Hence, spatial genetic structure is expected to occur
frequently within plant populations (Vekemans and
Hardy, 2004).
Eremosparton songoricum (Litv.) Vass. is a clonal
shrub that reproduces both asexually by under-ground
rhizomes and sexually by seeds. Eremosparton belonReceived 31August 2009, accepted 10 October 2009
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gs to subtribe Coluteinae, tribe Galegeae in the Papilionoideae. Having been severely disturbed by human
activities, it has greatly declined in range, population
number and population size over the past decades. It is
now a rare species with a narrow distribution in fragmented habitat patches in the Gurbantunggut Desert of
Xinjiang, China (Ma et al., 2008). E. songoricum presents a lower percentage of fruit set (<16%) (Zhang et
al., 2008) than most self-compatible hermaphroditic
species (72%) (Sutherland and Delph, 1984). It also
presents a lower percentage of seed set (<16%) (Zhang
et al., 2008) than most hermaphroditic species (50%－
85%). It is not good for sexually recruitment. Clonal
growth characteristics of E. songoricum is potentially
helpful for vegetation restoration and conservation
efforts. The single horizontal biennial rhizome may
extend up to 5 m. It indicates that the characteristics of
clonal propagation have an ecological importance for
the survival of E. songoricum in the harsh desert habitat (Wang et al., 2009). Molecular markers are the
most promising tools for the gene identification. Inter
simple sequence repeats (ISSR) is a type of molecular
markers, recently proposed by (Zietkiewicz et al.,
1994) for fingerprinting. The ISSR method applies the
principle of simple sequence repeat (SSR)-anchored
polymerase chain reaction (PCR) amplification by
designed primers that can randomly amplify DNA
fragments of the inter-repeat regions (Li and Ge,
2001). This method does not require DNA sequence
information before amplification. Therefore, it is particularly useful in studying those species without
available sequence information (Mondal, 2002). The
ISSR method usually generates more stable PCR
products than the random amplified polymorphic
DNA (RAPD) technique, and it is as simple as RAPD
in operation. Consequently, ISSR fingerprinting has
been commonly used in studies, such as population
genetics, taxonomy, and phylogeny of many plant
species (Camacho and Liston, 2001; Wolfe and
Randle, 2001). Therefore, several researchers have
used it to study clonal structure and diversity in plant
species (Hsaio and Rieseberg, 1994; Sydes and Peakall, 1998; Tani et al., 1998; Esselman et al., 1999;
Kreher et al., 2000; Moriguchi et al., 2001; Persson
and Gustavsso, 2001). The paper has three objectives:
(i) How many clones are there in a fine spatial scale;

27

(ii) Spatial autocorrelation analysis of ramets, and of
genets was used to quantify the spatial scale of clonal
spread and its statistical significance in the population;
and (iii) Conservation and sampling strategies for E.
songoricum.

2 Materials and methods
2.1 Sampling and DNA preparation
Samples of E. songoricum were collected from fragmented habitat patches in the Gurbantunggut Desert of
Xinjiang, China. During May and August in 2005,
seven populations were chosen to analysis genetic
variation and clonal diversity (Lu et al., 2007). Among
them, a population named population D was chosen to
study fine-scale genetic structure in the paper. DNA
samples from the stem of all of the 264 discrete individuals in 10 m×10 m plot of population D were collected in separate numbered envelopes. The cluster
within the population was mapped in space by recording geography distribution. Total genomic DNA
was extracted from the 264 individuals by the NaOH
method (Lu and Zhang, 2007). Then, ISSR method
was used to determine the clonal diversity in a population.
2.2 ISSR amplification and electrophoresis
Several DNA samples were used to select the appropriate primers (Lu et al., 2007) suitable for E.
songoricum. Eventually, 8 ISSR primers that produced
clear and reproducible bands were selected for amplification of all the E. songoricum DNA samples. PCR
amplification was performed in a total reaction volume of 20 µL, with 10×buffer, 20 mmol/L MgCl2,
2.5 mmol/L dNTPs, 2 µmol/L primer, 0.5 unit of Taq
DNA polymerase, and 4 µL of template DNA. After
performing an initial denaturation of 4 min at 94°C, 40
cycles for 45s at 94°C, 45s at 53.5°C (variable for different primers), and 45s at 72°C, followed by the final
7 min exposure at 72°C, the reactions were carried out
in a DNA thermal cycler (Eppendorf Mastercycler
Gradient). PCR products were electrophoresed on 1%
horizontal agarose gel in TBE buffer with a voltage of
5 V/cm and observed under ultraviolet light after
staining in 1 g/mL ethidium bromide. Photodocumentation was taken for each gel.
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2.3 Data analysis
2.3.1 ISSR analysis
To score ISSR fragments, it was assumed that each
marker fragment or band represented the phenotype at
a single biallelic distinct locus (Dawson et al., 1995;
Williams et al., 1990). Smeared and weak bands of
ISSR were excluded. ISSR is a type of multilocus and
dominant marker. Therefore, the amplified DNA polymorphic fragments representing each individual
family were scored as binary presence (1) or absence
(0), and the data matrix of the ISSR phenotypes was
compiled for further analysis. The percentage of polymorphic fragments was used to evaluate the genetic
diversity in the E. songoricum populations.
2.3.2 Analysis of fine-scale genetic structure
Statistical analyses were conducted using GeneAlEx
Genetic Analysis Software (Peakall and Smouse,
2005). Descriptive statistics employed included: mean
number of alleles per locus, percent polymorphic loci
(polymorphic loci are those in which the most common allele has a frequency ≤95%) and Wright’s
F-statistics. Tests for deviation of genotype frequen
cies from Hardy-Weinberg expectation and population
assignment were also conducted. Chi-squared goodness-of-fit tests were used to determine if observed
heterozygosity values were significantly different
from expected heterozygosity.
The intrapopulation genetic structure of E.
songoricum population was estimated using spatial
autocorrelation. The autocorrelation coefficient, Moran's I (Epperson and Li, 1997), was calculated from the
selected ISSR loci and the sample locations data using
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the computer program SAAP 4.3 (Wartenberg, 1989).
The ISSR loci, with a frequency between 0.3 and 0.7,
were selected for the Moran's I calculation. Loci with
low frequency (< 0.3) and high frequency (> 0.7) were
excluded from Moran's I calculation, due to the difficulties of detecting spatial structure from too rare or
too common loci. The distance class was determined
to be 5 m. A minimum of at least 30 pair plants was
analyzed in each distance class for the statistical accuracy.

3 Results and discussion
3.1 Clonal effects on fine-scale genetic structure
The gene diversity (Nei’s Index) and Shannon’s Information Index were 0.2662 (0.1713) and 0.4108
(0.2248), with a mean heterozygosity of 0.386±0.014.
Based on the polymorphic bands generated by 8 primers (Lu et al., 2007), the correlation coefficient (r) was
calculated, which revealed spatial structure of genetic
variation in population. Correlogram of the population
calculated at various distance classes with 99% confidence intervals were given in Fig. 1. The r was used to
evaluate the genetic relationship within, and among
individual families. Average kinship coefficients
among the individuals (represented by r) were 0.1267
in the population. At the population level, a total of
118 discernible bands were analysed by GeneAlEx
Genetic Analysis Software. The spatial autocorrelation
analysis both for ramets (Fig. 1a) and genets (Fig. 1b)
revealed positive autocorrelation at short distances.
The Moran’s I values were maximal in the shortest

Fig. 1 Result of spatial autocorrelation coefficient analysis for thirty distance classes in fine-scale of Eremosparton songoricum. Two
data sets were analysed (a) including all sampled individuals and (b) including genets, randomly chosen individual for each clone. Solid
lines represent the correlation coefficient (r) and dashed lines represent the confidence intervals (U&L).
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distance class both for ramets and genets and the
maximum value for ramets was about 3.5 times higher
than that for genets. The Moran’s I values for ramets
first crossed the abscissa at about 7 m. In contrast, the
Moran’s I values for genets first crossed the abscissa
at about 0.5 m. Moran’s I values for ramets decreased
as distance class increased. In Fig. 1a, we observed a
significant spatial positive autocorrelation over distances < 6.27 m and negative autocorrelation > 7.07 m
within the 30 distance classes. Within the confidence
intervals, the autocorrelation become non-significant,
suggesting a random spatial distribution.
For further insight into the nature of the inferences
that can be made from correlogram profiles we resorted to the five artificial patterns generated by Royaltey et al. (1975). In this way a known variable was
artificially reshuffled spatially to create one of five
patterns including cline, double cline, depression,
crazy quilt and intrusion by the parameters from
GenAlEx version 6 (Wartenberg, 1989). The spatial
autocorrelation analysis both for ramets (Fig. 1a) and
genets (Fig. 1b) appeared correlogram in the cline and
intrusion paterns. The cline pattern (shown in Royaltey et al., 1975; Sokal and Oden, 1978) was produced
by introducing a gradual transition from high values in
the beginning to low values in the end. The intrusion
pattern shows that Moran’s I was insignificant in a
large proportion of distance classes, the expected alternation between high and low values as distance
increases, then a tendency for regular oscillated between positive and negative autocorrelations. The significant autocorrelation was exhibited only in the single distance class. Equal geographic distance was
taken into consideration in forming the patterns.
From Table 1, loci with low frequency (<30%) and
high frequency (>70%) were excluded from Moran's I
calculation, 27 loci were chosen and have 270 values
of Moran’s I. In 10 distance classes, the statistical test
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proved that 95.19% of loci which showed significant
correlation and 91.48% was very significant (P<0.01),
whole loci showed significant correlation with apparent spatial structure. Most of loci showed significant
positive correlation from 1 to 7 distance class, and lot
of loci showed significant negative correlation from 8
to 10 distance class. With the increment of the length,
the percentage of positive correlation is more than the
percentage of negative correlation. The results show
that similar correlation is essential for individuals at
short range, but without similar correlation from 7 to 8
distance class. As different loci have different pattern
of spatial distribution, most of polymorphic loci were
produced by introducing a gradual transition from
positive correlation to negative correlation from the
beginning of seventh distance class. From 8 to 10 distance class, similar correlation is essential for individuals (Table 1).
In this study, 85.7% of the genets examined had
multiple ramets, and the average number of ramets per
genet was 12.57. High clonal diversity, reaching values as high as 67% of distinct genotypes, were found
in the population under this study. The spatial genetic
structure as measured by Moran’s I showed significantly the positive autocorrelation at the scale of 0–10
m (all samples trees included). There were 21 clones,
and the structure of these clones was aggregated (Fig.
2). The clonal map showed that genets were highly
intermingled and recognizable as discrete, clumped
units.
3.2 Discussion
In this paper, the population of E. songoricum exhibited the existence of significant genetic structure,
indicating that genetic structure was found to be
unrandomly distributed. The causes of formation
were analyzed as follow: (1) Clonal reproduction did
most likely contributed to the genetic structure in the

Table 1 Number of loci showing significant correlation in each distance class for Eremosparton songoricum in the D population (equal
distance interval)
Distance classes of population D
1

2

3

4

5

6

7

No. of loci which showed significant positive correlation

27

23

16

14

14

13

10

8

5

6

No. of loci which showed significant negative correlation

0

3

9

13

12

12

15

18

19

20

100

85.2

59.3

51.9

51.9

48.1

37.0

29.6

18.5

22.2

0

11.1

33.3

48.1

44.4

44.4

55.6

66.7

70.4

74.1

100

96.3

92.6

100

96.3

92.6

92.6

96.3

88.9

96.3

The percent of loci which showed significant positive correlation (%)
The percent of loci which showed significant negative correlation (%)
The percent of loci which showed significant correlation (%)

8

9

10
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Fig. 2 Spatial distribution of clones in the 10 m×10 m study plot,
where all Eremosparton songoricum were sampled. Colors indicate different clones.

E. songoricum population. The analysis of clonal
structure demonstrated that there were obvious staggers among clones of E. songoricum population and
the spatial pattern of clonal growth was typical guerilla architecture. The 264 discrete individuals in 10
m×10 m plot of population D were investigated and
belonged to 21 clones (Fig. 2). Natural population being weak in seed recruitment leads to frequent vegetative reproduction. Extending population depended on
clonal reproduction mostly (Zhang et al., 2008).
Join-count statistics revealed that most clones aggregate significantly about 7 m interplant distance, which
reflects the spatial distribution of ramets at short distances. Therefore, natural property of clonal reproduction for the individuals from the same genetic background assembled within definite distance classes. It
contributed most likely to the genetic structure in the
E. songoricum population; (2) Fine-scale spatial genetic structure within population was also determined
by the effects of limited seed and pollen dispersal,
especially in isolated small patches of fragmented
population. Generally, the spatial patterns of genetic
variation in natural plant population, did not only
demonstrate the special structure that was consistent
with hermaphrodite, entomophilous and seed gravity
bringing seed dispersal or animal transfer traits, but
also further revealed the rules of available distance
between pollen and seed dispersal: the individuals
within 7 m were more or less similar at genetic variation, however, distances longer than 7 m did show
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dissimilarity. Based on consecutive observations, E.
songoricum exhibits a mix-mating behavior. Combined with pollinators, flowers of different branches of
a ramet (74.53±1.28%) or different ramets (24.32±
1.39%), were observed for being pollinated. Outcross
pollen is sparse, while geitonogamy is considered as a
major mating mode in natural populations. So, the
dispersal of pollen often occurred within genets, as
examined in other clonal plants (Eckert, 2000; Handel,
1985). As a result, the number and sizes of the extant
populations have decreased greatly, which in turn lead
to further loss of genetic diversity and alternation of
population genetic structure of the species.
As for the analysis of spatial autocorrelation of E.
songoricum, there are special structures with different
extent at small and large scales, which show nonrandom distribution. The statistical analysis demonstrated
that 65.38% of polymorphic loci in the correlogram
appeared either in the depression or the typical depression pattern, while most of the surplus loci exhibited cline pattern. The reasons may be related to micro-habitat or man-made disturbance. Several different
ecological and genetic factors may have contributed to
such patterns. Inbreeding depression is the reduction
in fitness of progeny resulting from self-mating or
mating among relatives. Two patterns have been proposed to account for inbreeding depression. The spatial genetic structure is possible determined by the
characteristics of reproductive biology of E.
songoricum among the populations, and affected by
the environment.
From a conservation perspective, E. songoricum
can possess a considerable genetic load and that inbreeding depression could act as a constraint on the
long-term survival of species or populations, especially in small and isolated populations. The analysis
of genetic variation and clonal diversity showed that
the genetic differentiation among and within populations were evident. As a result, in situ and ex-situ
strategy should be taken into consideration for conservation of E. songoricum (Lu et al., 2007). In addition, based on this study, we further developed accurate sampling strategy for ex-situ conservation, that is,
more populations should be considered to harvest the
seeds as much as possible for keeping genetic integrality of E. songoricum. In addition, in fine-scale
within population, seeds should be sampled at a distance out of 7 m.
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4 Conclusions
The population exhibited the existence of significant
genetic structure, it showed nonrandom distribution. A
positive autocorrelation before 7 m indicates vegetative reproduction or family clusters. The analysis of
the correlogram showed that ramets and genets have
strong and weak genetic structure over short distances,
respectively. Reasons may be related to micro-habitat
or man-made disturbance. As part of the sampling
strategy, seeds are harvested as many as possible from
populations for keeping genetic integrality of E.
songoricum, while within a population, seeds should
be sampled beyond a distance of 7 m. The different
spatial structure of genetic variation of population was
influenced by a combination of the biological charac-
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teristic of pollination, seed dispersal, and natura1
habitats. The results provide basic data for formulating
conservation strategies for this species that include
both in situ and ex situ approaches to preserve the
greatest possible extent of the genetic diversity of the
species.
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